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Abstfact. Depth zonations of benthonic Foraninifera off the western United
States 'ire sammarized. Generalized depth biofacies in 55 new samples from
coastal Mexico are at 25 m, 35 m, 55 m, 75--d5 m, 120 m, 180 m, 340 m and 550 m.

Criteria for determining depth biofacies are examined. Distributions based on
living specimens are the most reliable. Shallow limits of species are the best
boundary indicators: deep limits of species vary in value as indicators due to
possible moven.-nt of specimens downslope. Each species seems to have a distinc-
tive depth range and there are almost as many depth boundaries as th..re are
species. Analysis of species depth ranges in new samples from coastal Mexico
shows at least 24 depth boundaries. Analysis of data from the San Diego, Cali-
fornia, area suggests 72 boundaries which can be recognized on the basis of
shallow and deep limits of species.

INTRODUCTION

The use of planktonic Foraminifera in analyzing certain oceanographic
processes such as the distribution and movement of water masses and their
applications to history of the ocean basins is now well-established. Benthonic
Foraminifera are equally valuable tools for the study of benthonic
water masses, changes in sea level, displacement of sediment and rates of
sediment deposition. Knowledge of the distribution and ecology of Foramini-
fera is essential for their application to any of these marine problems.

One of the major features of benthonic foraminiferal distributions is the
occurrence of different assemblages at different-water depths. The purposes of
this paper are (1) to summarize ;.iformation on depth zonation of benthonic
Foraminifera in the northeast Pacific, (2) to present some new data on shallow-

--- water depth ranges off the west coast of Mexico and (3) to evaluate the criteria ...... ..
-  

. for determining depth zonation of these populations.
The writer is grateful to J. R. Curray for ollecting the samples studied

from coastal Mexico and to 1. P. Hosmer for assistance in identifying the

* Contribution from the Scripps Institution of Oceanography, University of California,
San Diego. Contribution No. 45, Marine Foiamiipifera Laboratory.

273

/

/



274 -ALEGER, FRED 8

faunas and in preparing the manuscript. This work was supported by a con-
tract of the Office of Naval Research with the University of California and

by the National Science Foundation.

REPORTED DEPTH ZONATIONS

- Dpthbiotfacies of benthonic Foraminifera in the eastern Pacific regiotn
have~ been described principally from off California, Baia Califo-rhia and th e-

Gulf of California. There is one study of faunas from off Central America
and another which extends from northern Washington to the end of the
Baja California Peninsula. The following is a summary of the significant
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published papers on depth zonation in this region. Figure I summarizes
depth zones based on Foraminifera which have been proposed by the
various authors.

The earliest study of depth distributions of Foraminifera was by NATLAND
(1933) from the area between Los Angeles and Catalina Island. Techniques
were not available to Natland for diflercntiating living specimens although
he recognized the problem of contamination of faunas from both Recent and
fossil specimens. He established depth zones based on about 150 samples at

.-0m, 40 -275 m, 275-2000 m and 2000-2500 m. The faunas were correlated

generally with temperatures as well as depths.
BANDY (1953) studied the dead faur as in 63 samples from offSan Francisco,

off Pt. Conception and off San Diego. On the basis of these materials he
recognized a "middle neritic zone" at 0-46 m, a "lower neritic zone" at 46-
244 m, a "bathyal zone" at 244-1829 m, an "upper abyssal zone" at 1829-
2438 m and a "lower abyssal zone" extending from 2438 to about 3658 m.
These occurrences were correlated with temperature, salinity and oxygen
distributions as well as with depth. Differences in faunal compositions and
distributions from north to south were noted.

LANKFORD (1962) studied living faunas in 150 car:fully collected turbulent
zone samples between northern Washington and southern Baja California.
He reports turbulent zone depth zonation on sand bottoms with boundaries
at about 13 and 34 m. These nearshore depth boundaries wcre attributed to
turbulence which varies with depth.

WALTON (1955) charted depth distributions of living benthonic Foramini-
fera in about 200 sample. from Todos Santos Bay in Baja California. He
suggested depth boundaries at 55 m, 90 m, 180 m and 640-730 m, and ex-
plained these distributions by variations in depth and temperature.

Ucmo (1960) has analyzed faunas in 157 samples off San Diego and reports
major faunal depth boundaries at 24 m, 80 m, 180 m, 450 m, 64G m and
820 m.

Two studies have been made of depth distributions of faunas in the Gulf
of California. BANDY (1961) studied non-living faunas from about 160
sediment samples. His results indicate clearly recognized depth biofacies
having boundaries at 18 m, 37 m, 73 m, 152 m, 244 m, 366 m, 610 m, 914 m,

1219m, 1524m, 1829m, 2134im and 2438m. PHLEGER (1964) reports
distributions of living benthonic Foraminifera in 76 samples from the Gulf
of California. Recognizable depth assemblages are suggested which have
boundaries at approximately 25-35 m, 55-65 m, 75-90 m, 125 m, 165 m,
365m, 730-910 m, II00--1450 m, 1800 m, 2400m and 2750 m.

BANDY and ARNAL (1957) studied non-living faunas in 36 samples from off
the west coast of three areas of Central America and indicated depth biofacies
of Foraminifera at approximately 46 m, 122 m, 610 m and 1219 m.
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DEPTH RANGES OF NEW FAUNAS FROM COASTAL MEXICO

Living Foraminifera have been studied in 55 samples collected from near-
shore areas off the states of Nyarit, Sinaloa anid Sonora, Mexico. The samples
range in depth from 7 to 594 m and the majority were from depths less than
90 m. These materials supplement those previously collected and' studied
from the Gulf of California (PHIEGER, 1964). Occurrences of living specimens
are listed on Fig. 2 and depth ranges of species are summarized graphically
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on Fig. 3. The species on Fig. 3 are arraneed according to shallow limit ot
occurrence. It is apparent that several faunal depth zone boundaries are
indicated by these distributions.

25 m boundary. A boundary at this depth is recognized by the shallow
limits of:

Boiwina raughani Natland
Bulimina marginata d'Orbigny
Cancris panamensis Nat land
Cassidulina sp. I
Eggerefla adr-ena (Cushman)
Eponides antillarum (4'Orbigny)
Fursenkoina pontoni (Cushman)
F. sandiegoensis (Uchio)
Lagena spp.
Lagenammina allantica (Cushman)
Planulina ornata (d'Orbigny)
Saccamimina spp.
Trochammina pcifica Cush man

The deep limits of Ammonia beccarii (Linn6) vars. and Rosalina columbiense
(Cushman) also occur in the present samples at about 25 m.

35 m boundary. A boundary at approximately 34-45 m is indicated by the
shallow limits of:

Angulogerina cf. A. jamaicensis Cushman and Todd'
Bifarina hancocki Cushman and McCulloch
Buccella tenerrima (Bandy)
Cassidulina sp. 2
Elphidium incertumi (Williamson) var.
Epistominella cf. E. sandiegoensis Uchio
Textularia earlandi Parker
Trochammina sp. 2

The deep limits of the following also occur at about this depth:
Elphidium translucens Natland
Pararotalia sp.
Poritextularia mexkiana Loeblich and Tappan

55 m ioundary. This is marked by the shallow limits of:
Haeuslerella heoglundi (Uchio) --- * 4
Urilgerina juncea Cushm.-n and Todd

7M-5 m boundary. T his is marked by the shallow limits of the following
species at approximately this depth:

Alatina primi.."va (Cushman and McCulloch)
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Bolir-ina acuipinata Natland
B. pacifica Cushman and McCulloch
B. seminuda Cushrn
('assidulina subglob 7sa Brady
'Cibicidest mckarnai Galloway and Wissler
Epistominella obesa bandy and Arnal
Trochwrnmina sp. I

The deep limt ofth Ii~lowing species also mark this depth:
Angulogerina cf. A. Jamaicersis Cushman and Todd
Bolirinopsis sp.
Hopkinsina sp.
Planulina ornata (d*Orbigny)
Textulari.. chencki Cushman and Valentine group
Trochammov: charlor~enuis Cushman

T. pacifica CushmanI. A boundary at about 120 m is indicated by the shallow limit of Fursenkoina
spinosa (Heron-Allen and Earland) zrnd the deep limit of Bolivinopsris sp.,
Cancris auriculus (Fichtel and Moll), Cassidulfrna sp. 2. Fursenkoina pontoni
(Cushman), F. sandiegoenfis (Uchio) and Reop/iax nanus Rhijmbler.

180 m boundary. This appears to be.-moderately well-marked and is charac-
tet;.zed by the shallow limits of Angulogerina an gulosa (Williamson), Bohvina
spinsa Cushman an-i Textularia .andiegoensis Uchio. The deep limits of the
following species occur at about this position:

Aliatina primitira (Cushman and McCulloch)
Ahreolop.hragmium columnbiense (Cushrr-an)
Ammoscalaria pseudospiralis (Williamson)
Bifarina hancocki Cushman and McCulloch
Buccella lenerrima (Ban.!y)
Bulimina marginata d'Orbigny
BulimineL~ elegantissima (d'Orbigny)
Cancris panameni Natland

0hcdej Icanl. Galloway and Wissler
Epistominella cf. E. sandiegoensis Uchio
Hanzawaia nitidula (Bandy)
Lagenammina atlantica (Cushman)
Rotosbinella campanulata (Galloway and Wissler)
Swaccamina spp.
Textudara earlandi Parker
Uvigerina juncea Cushman and Todd
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340 m boundary. This appears to bL, indicated by the shallow limits or:,
Bolivina subadvena Cushman
Bulinrefa lenuata Cushman
Cassidulina delicatc Cushman
Fur~enkoina serninudIa (Natland)
Suggrundi eckisi Natland

The deep Lmits of the following occur at about 340 m:
Boirina raug'iani Natland
Eggerella~adrena (Cushman)
Haeuskrella hueglundi (Uchio)
Lagena spp.
Nonionella basispinata (Cushman aniJ Moyer)
N. ste'a Cushman and Moyer
No'iria polymorphinoides Ht.-on-Allen and Earland
Reophaxv gracilis (Kiaer)

Trochainmina sp. 2

A faunal boundary at about 550 ni seems to be suggested by the shallow
rnge limiti of Cassidulina tumida Natland and Reopha.% dentatiniformis
Brady.

The depth biofacies indicated in the present materials correspond generally
with those suggested in the same region by BAN'3Y (I1Q61) and PHLEGER (1964).
A comparison of the ranges of the same species also shows general agreement.
LDiffceences which do. occur in faunal and species ranges can be attributed to
differences in sample frequency and distribution.

Meaningful boundaries between foraminiferal depth assemblages are
difcl odetermine and often are based largely on the opinion of the person

whodefnesthem. A "depth biofacie" shou * 'be a natural and distinctive
assciaionofForaminifera. Natural distributions or organisms are very
comlexandeach sample collected differs somewhat frein every other sample.
Ther ar nopositive criteria for determining the degree of difference which

qaiisapopulation of Foraminifera to be classified as a "biofacies". One
ofthe criteria which has been used is whether such an assemblage can V.e

diferttiaedeasily from other assemblages. This is probably as useful a
* method as any that can at present be devised.

In general there are three bases for determining depth assemblages:
* (1) shal~low limits of occurrences of species. (2) deep limits of occurrences of

species and (3) frequencies of species. The shallow and deep limits are the

.......
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most widely used in practice, although high and low frequencies also are of
considerable importance. It is generally believed that the shallow limits are
more reliable than deep limits because of the possibility of transport of
specimens downslop. Transportatio i of sand-size particles, such as Fora-
minifera, from shallow into deep water does not appear to be as common as
many seem to beliee. It is suggested, therefore, that deep limits of ranges of
species in many or most instances may be as reliable as shallow limits.

It is obvious that distribution of lising specimens is much more ;cliable for
ecological interpretations than distribution of non-living specimens. This may
be illustrated by the published distribution of a species of Foraminifera from
the continental shelf of the northwest Gulf of Mexico In 1951 (PHLEGFR,

1951) the depth range of a common species, F'phidiuin gunteri Cole, was
listed as occurring to a depth of about 100 m; this was the range for the total
population and living specimens were not listed. In 1956 (PHLFG.R, 1956)
living specimens from the same area were differentiate, by a new technique.
It was shown that the living poput2tion of Elphidium gunteri occurs only as
deep as about 50 m. although the dead population does extend to more than
100 m. This shows that the true depth range of E. gunteri is on the inner part
of the continental shelf. Specimens occurring At outer continental shelf
depths were deposited there when the sea level was lower and are a part of the
relict sediment deposited during an earlier cycle. Earlier cycle sediments are
a common source of "natural contamination" of faunal assemblages, and
are especially common on outer continental shel:es.

In some instances living specimens have been found transported beyond
their normal depth range with displaced sediment. These are not common and
usually can be recognized by a striking discontinuity in depth distribution.
A common source -,f contamination is from submarine or coastal exposures
of older marine ro.kms containing Foraminifera. Contamination by post-
Miocene specimens may not be easily recognized if the living assemblage is
not studied.

Each species of Foraminifera seems to have a distribution which differs
somewhat from the distribution of all other species. It is possible, therefore,
to determine the depth of occurrence of a fauna from any area which has
been studied adequately much more closely than indicated by most reports
of depth biofacies. The biofacies listed are genrralizations but are usful for
descriptive purposes. There may be almost as many boundaries as t e re are
species.

Decisions concerning locations of depth boundaries are partly a mdter of
opinion. Boundaries listed above for the new faunas described off J-pastal
Mexico. for example, were mostly based on shallow and deep liths of
species. The following is the' number of shallow and deep limits a ctually
observed and the depths of the samples in which they occurred:



282 PHLEGER, FRED B

Sample No of shallow' No. or deep Sample No.ofshallow No. of deep
depth in limits of limits of depth in limits of limits of

m species ies M sped" species

is 3 73 1
27 7 . .77 - $ .
31 8 A III 3
33 1 .122 1 -
35 - 144 I
37 2 1 177 6
40 4 186 2
44 2 201 t
55 2 338 __!0

58 1 417 2
64 i 456 2
68 i 325 2

The depths chosen to describe the boundaries of these assemblages are at
approximately 25 m, 35 m, 75-85 m, 120 m, 180 M, 340 m and 550 m. These
depths are generalized because there are relatively few samples in a large
area and the depth distribution of the samples is uneven. It is possible that
some other interpretation is more nearly the correct one. A more valid
interpretation, for example, may be that a significant faunal boundary occurs
at each depth where a shallow or deep limit of a species occurs. This inter-
pretation gives 24 depth biofacies boundaries instead of eight, and if
frequencies also are considered the number of boundaries is further
increased.

The data on depth distribution of Foraminifera in the San Diego, California,
area given by UcHIO (1960) have been analyzed in this manner. and we have
listed the numbers of species having shallow and deep limits of occurrences at
various depths.

Uchio listed generalized boundaries at 24 m, 80 m, 180 m, 450 m, 640 m
and 820 m. He could have chosen other depths which could have been a more
realistic general description. He could also have argued for as many as 72
faunal depth boundaries based on all depths of upper and lower limits of
species. Uchio's report was based on three times as many samples and there
were three times as many species considered as in the present, material from
coastal Mexico, and in addition the samples extended somewhat deeper.

--This explains the larger number of boundaries.
The significance of :hese numerous depth boundaries of species cannot be

assessed at the present time. It is possible to determine depth of occurrence
of an assemblage within very narrow limits if it is from an adequately studied
area, such as off San Diego. The usefulness of this ability in ecologic problems
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in the modern ocean or in paleoccologic problems in ancient rocks is un-
certain. It is possible that the number of different associations or communities
of Foraminifera is very large, and is a function of the largc number of species.

Sample No.of shallow No. of deep Sample No.ofshullow No. of deep
depth in limits of limits of depth in limits of limits of

m species species m J sea specke

16 S 1 251 1
20 4 256 1 1
27 I 274 1
31 3 287 2
35 7 293 1
37 II 305 2
38 4 329 2 3
53 1 331 I I
55 2 366 3
60 6 391 I
69 7 452 1
71 2 454 3
73 II 457 I 1
75 2 521 I
82 3 367 I 2
4 1 631 2

36 4 640 1
91 3 649 1
97 1 722 2

112 1 768 1 1
117 1 786 2
122 I 805 1
134 2 323 1 1
135 1 332 1
137 1 2 841 1
146 1 3 850 1 1
159 1 866 1
168 I 896 2
179 1 924 2 1
111 1 966 1
190 2 1006 I
219 1 2 1033 2
221 1 1106 2
229 1 1113 I
234 1 1 1125 3
245 1

Foraminiferal associations of different ranks may be a useful concept, with
"'biofacies', "super-biofacies" and ''sub-biofacies", etc. A more sophisticated
statistical analysis than any yet applied to this problem will be required for
clarification.



I/

284 PHLEGER, FRED B

LOCATIONS OF STAI IONS

Depth IDepth
Station N. Lat. W Long. (meters) Station N. Lat. W. Long. (meters)

276 21 51.S'' 10YO 5, '3 394 23' 30.0' 106" 56.0' 80
277 210 51-2' 105'46.5' 38 395 23' 36.0' 107'000' 64
286 21 * 45-6' 105 55.4' 55 396 23'41-0' 107 06.0' 66
300 21 '43.7' 105' 40T 31 397 23' 45"0' 107' 13.0' 73
303 2' * 46TS' 105' 355' 13 398 23' 49-0' 107' 20-0' 73

. . 304 210 41-8' 105 ° 343' 9 399 23' 580' 107 21-0' 46
306 210 48,6' 105' 33'9' 7 400 24' 060' 107' 24.0' 27
312 22' 033" 105' 48-5' 35 403 24' 13-0' 107' 42.0' 40
315 22' 12-0' 105' 44.2' 22 404 24' 18'0' 107' 50.0' 44
320 227 15-8' 105' 500' 33 405 24' 22-0' 107' 58.0' 46
327 22" 10-1' 106' 07-8 58 407 24' 33-0' 108' 030 37
333 22' 11 9' 106' 22.4' 594 408 24' 50-0' 108' 28.0' 144
337 22' 16 6' 106' I -7' 77 410 25' 0.0' 108' 41.0' 40
342 22' 22-4' 105' 5S-0 48 413 25' 12'0' 109' 020' 55
361 220 33'2 106' 095' 68 425 28' 14-7' II I 330' 58
364 22' 292' 106' 182' 163 430 28' 023' 11Vl41.8' 41)
367 22' 323 106' 264' 525 431 27- 59-9", III 43-7' 456
370 22' 37'1' 106' 17-0' 137 432 28" 04.2' IIIV 50' 338
372 22' 403' 106' 10-9' 73 434 28' 08-9' III 46'7' 201
376 22- 457" 105' 591' 15 452 28' 335' Ii1 522' 11
379 22' 49"4' 106' 094' 42 479 28' 283' 112' 145" 186
384 23' 06.S' 106- 23.5' 35 481 28' 31"7'. 112' 07'8' 77
385 230 05-9' 106' 24-4' 44 490 29' 343 1120 553' 214
390 23' 05' 106" 346' 122 494 29' 49.2' 112' 44-6' 77
391 23' 13.0' 106' 36.0' 84 495 29' 506' 112° 401' 35
392 23' 190' 106'44-0' 84 499 29' 503 112' 476' 113
393 23' 25"0' 106' 510' 84 501 29' 44'7' 12 59"!' 177

SPECIES REFIERENCES
i

Afl/atina primitiva (Cushman & McCulloch) = Cushmanella prinitiva Cushman & Mc-
Culloch, 1940, Allan Hancock Pacific Expeds., vol. 6. no. 3, p. 163, pl. 18, figs. 6-8,
10. Uchio, 1960, Cushman Found. Forum. Research, Spec. Pub. 5, pl. 4, figs. 27, 28.

Alreolophragmium columbiense (Cushman) - Haplophrgmoihdle columbiense Cushman,
1925. Cushman Lab. Foram. Research, Contr., vol. I, p. 39, pl. 6, fig. 2. Uchio, 1960,
Cushman Found. Foram. Research, Fpcc. !,t. 5, p,. i. fig. 22.

Ammonia beccarii (Linni) vars. = Nautilus beccarii Linne. 1758, Svst. Nat., ed. 10, p. 710.
Amm,,cularia pseudospiralis (Williamson) - Proteonina p.eudospirale Williamsoo. 1858,

Recent Foram. Great Britain, p. 2, pl. 1, figs: 2, 3. Parker. Phleger and Peirson, 1953,
Cushman Found. Foram. Research, Spec. Pub. 2, pl. I, figs. 29, 35.

Angulogerina angulosa (Williamson) = U'igerina angulosa Williamson, 1858, Recent Foram.
Great Britain, p. 67, pl. 5, fig. 14. Uchio, 1960, Cushman Found. Foram. Research, Spec.
Pub. 5, pl. 7, fig. 18.

Angulogerina cf. A. jamaicensiv Cushman and Todd, 1945, Cushman Lab. Foram. Research,
Spec. Pub. 15, p. J3, pl. 8, fig. 3. Parker, 1954, Bull. Alus. Camp. Zool., Harva'd, vol.
IlI, no. 10, pl. 8, fig. 8.
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Biforina hancockl Cushman & McCulloch, 1942. Allan Hancock Pacific Expedi., vol. 6,

no. 4, p. 225, pl. 28, figs. 13-19. Lankford, 1962, Ph.D. Dissertation, Univ. Calif.,
San Diego, pl. 4, fig. I.

Bolivina acuminafa Natland. Bolirina subaih-ena Cushman vat. acuminata Natland, 1946,
in Cushman and Gray, Cushman Lab. Foram. Research, Spec. Pub. 19, p. 34, pl. 5,
fig. 46. Uchio, 1960, Cushman Found. Foram. Reserrch, Spec. Pub. 5. pl. 6, fig. 20.

Bolivina acutula Bandy. Bolirina athena Cushman vat. acutula Bandy, 1953, J. Paleontology,
vol. 27, no. 3, p. 180, pl. 24, fig. 7. Uchio, 1960, Cushman Found. Foram. Research,
Spec. Pub. 5, pl. 5, fig. I.

Bolirinu pacifica Cushman & McCulloch. Bolirina acerosa Cushman var. pacIfica Cushman
& McCulloch, 1942, Allan Hancock Pacific Expeds., vol. 6, no. 4, p. 185, pl. 21, figs.
2, 3. Uchio, 1960, Cu lr.an Found. Foram. Research, 8p,,. Pub. S. pl. 7. fig. 2.

Eolirima seminuda Cushman, 1911, U.S. Nat. Wus., Bull. 71, pt. 2, p. 34, text.fig. 55. Bandy,
1961, Micropaleontology, vol. 7, no. I, pl. 4, fig. 8.

Bolirina spi.s a Cushman. Bolirisw subadvena Cushman var. jpissa Cushman, 1926, Cushman
L Lab. Foram. Research, Contr., vol. 2, pt. 2, p. 45, pl. 6, fig. 8. Uchio, 1960. Cushman

Found. 16ram. Rese,ar h, Sper. Pub. 5, pl. 7, figs. 7, 8.
Bolirina subodrena Cushman, 1926, Cushman Lab. Foram. Research, Coe., vol. 2, pt. 2,

p. 44, pl. 6, fig. 6.
Bolirina suburgentea Uchio, 1960, Cushman Found. Foram. Research, Spec. Pub. 5, p. 64,

pl. 6, figs. 21, 22.
Bolirina twJugA,". Natland, 1938, Univ. Calif., Scripps Inst. Oceanogr., Bull., Tech. See.,

vol. 4, no. 5, p. 146, pl. 5. fig. 11. Uchio, 1960, Cushman Found. Foram. Research, Spec.
Pub. 5, pl. 5, fig. 2.

Buccella tenerrima (Bandy) = Rotalla tenerria Bandy, 1950, J. Paleontology, vol. 24,
no. 3, p. 278, pl. 42, fig. 3. Lankford, 1962, Ph.D. Dissertation, Univ. Calif., San
Diego, pl. 4, fig. 19.

Bwlimtna marginata d'Orbigny, 1826. Ann. Sdl. Nat., Foraminifres, set. 1, vol. 7, p. 269,
no. 4, pl. 12, figs. 10-12. Lankford, 1962, Ph.D. Dissertation, Univ. Calif., San Diego,
p1. 4, fig. 11.
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incerta Williamson, 1858, Recent Foram. Great Britain, p. 44, pl. 3, fig. 82a.
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no. 8, p. 264, text-figs. 1-3.

Reaphax dentaliniformis Brady, 1881, Quart. Jour. Micr. Sri., vol. 19, p. 49. Uchio, 19.60,
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Foram. Research, Spec. Pub. 5, pl. 8, figs. 1, 2.
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